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Abstract

Esophageal squamous cell carcinoma (ESCC) is one of the most
common cancers with high mortality in China. For unresectable
locally advanced esophageal squamous cell carcinoma (LA-ES-
CC) patients, concurrent chemoradiotherapy (CRT) remains as a
standard treatment. With the rapid development of anti-pro—
grammed death 1/ anti—-programmed death ligand 1 (PD-1/PD-
L.1) inhibitors, more and more combinations of PD-1/PD-L1 in—
hibitors and CRT were studied in clinical trials of unresectable
LA-ESCC. In this review, we conclude the different combination
sequences of clinical trials as sequential, induction, and concur—
rent models. Only two published with concurrent PD—1 inhibitor
and CRT demonstrating the endurable toxicities and promising
efficacy. Further results of ongoing studies may indicate the best
combination sequencing in treatment of LA-ESCC. On the other
hand, we focus on the predictive factors for combined modality
therapy. Thus far, the roles of PD-L1 expression and tumor mu—
tation burden (TMB) are controversial. Moreover, the predictive
potential of tumor microenvironment (TME), genetic, dynamic
blood and non-invasive radiomic biomarkers for ESCC progno—
sis were also discussed, indicating combined prediction models

with multiple dynamic biomarkers may be available in the future.
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Introduction

Esophageal cancer (EC) is the seventh most
common cancer and ranks sixth in the cause of can—
cer—related death worldwide ">, Among 60,100 new
cases in 2020, 53.7% of them occurred in China®.
Esophageal squamous cell carcinoma (ESCC) is the
predominant histological type in China and is closely
associated with smoking, having hot food or water,
and alcohol consumption .

As of now, more than 70% of patients are unre—
sectable locally advanced ESCC (LA-ESCC) or meta—
static ESCC when diagnosed. Unresectable LA-ES—
CC has been defined as T4b disease, N3 disease with
multisite or bulky lymph nodes or non-regional
lymph nodes metastases according National Compre—
hensive Cancer Network (NCCN) guideline'. Cur—
rently, the standard therapy for unresectable LA-ES—
CC patients is still definitive concurrent chemoradio—
therapy (CRT) based on the results of the clinical trial
RTOG 85-01". However, 40-60% of unresectable
LA-ESCC patients relapse quickly after CRT and the
five—year survival rate is only 21-28%"7".

Researchers have continuously attempted to
prolong the long—term survival time and improve the
local control rate of unresectable LA-ESCC patients.
Unfortunately, neither high—dose radiotherapy® nor
chemotherapy improvement"’ could lengthen the sur—
vival of patients. In recent clinical trials of ESCC, im—
munotherapy, especially anti—programmed death 1/
anti-programmed death ligand 1 (PD-1/PD-L1) in—
hibitors, is expected to induce more clinical benefit in
metastatic or recurrent ESCC patients. The results of
KEYNOTE-181  (NCT02564263),
(NCT025569242), ESCORT (NCT03099382), ORI-
ENT-2 (NCT03116152), and RATIONALE-302
(NCT03430843) support various PD—1/PD-L1 inhib—

itors as second—-line treatment in metastatic or recur—

Attraction—-3

rent ESCC patients "*"". The clinical trial KEY-
NOTE-590  (NCT03189719), CheckMate 648
(NCT03143153), ESCORT-1st (NCT03691090), and
ORIENT-15 (NCTO03748134) further promote the
first-line usage of PD—-1/PD-L1 inhibitors in ad-

1016191 " Based on the large—

vanced ESCC patients '
scale, randomized controlled trial (RCT) KEYNOTE-
181, pembrolizumab was approved as a second-line
treatment in advanced ESCC with PD-L1 combined
positive score (CPS) >10"°". Moreover, the combina—
tion of pembrolizumab and traditional chemotherapy
was recommended as first-line treatment in advanced
ESCC based on the KEYNOTE-590 study "*'. These
promising advances have caught more interest in the
role of PD-1/PD-L1 inhibitors in unresectable LA-
ESCC patients. In this review, we focus on the syner—
gistic effect of immunotherapy and CRT, summarize

the ongoing clinical trials of trimodality therapy as

first-line treatment, and conclude the potential pre—

dictive factors in LA-ESCC.

Synergistic effect of immunothera-
py and chemoradiotherapy

Various immunotherapies act on different steps
of anti—tumor immunity to enhance the host’s immu-
nity and strengthen anti—tumor immune responses.
The cancer—immunity cycle consists of tumor—specif—
ic antigens recognition, antigen presentation, T cell
activation, infiltration to cancer cells, and cancer cell
killing®. The PD-L1 on the surface of tumor cells
binds to the PD-1 on immune cells, weaken cytotoxic
T lymphocyte, inhibit T cells, and eventually leading
to immune escape in tumor microenvironment ',
Hence, PD—1/PD-L1 inhibitors block the binding of
PD-1 and PD-L1 and serve in the effector phase of
the cancer—immunity cycle.

Radiotherapy causes random point mutations
and double—stranded breaks in the DNA, increasing
tumor mutation burden (TMB) and neoantigens. Radi—
ation—induced cell death is a kind of immunogenic
cell death (ICD) as it promotes tumor antigen progres—

sion and presentation, dendritic cells activation and
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maturation, and cancer cells recognition and elimina—
tion by T—cells and NK cells"**'. On the other hand,
radiotherapy can modify the immunosuppressive tu—
mor microenvironment (TME). Specifically, radiother—
apy increases the expression of vascular adhesion
molecule—=1 (VCAM-1) on endothelial cells, permits
the extravasation of T—cells*', and reprograms mac—
rophages to secrete nitric oxide (NO) which enhances
T—cell infiltration and vascular normalization'®’. In
addition, radiotherapy was reported to increase the
expression of PD-L1 on cancer cells . Preclinical
studies indicated increased PD-L1 expression in ir—
radiated tumors and provided evidence for the syner—
getic effect of combining PD-1 inhibitors and radia—
tion in LA-ESCC"™". Hence, combining PD-1/PD-
L1 inhibitors and radiotherapy could strengthen anti—
tumor immunity in the TME"™*,

The combination of chemotherapy and PD-1/
PD-L1 inhibitors is common in diverse cancer dis—
eases. Chemotherapy causes ICD and promotes anti—
angiogenesis .. Also, it enhances the maturation of
dendritic cells and proliferation of effector T cells and

selectively depletes immunosuppressive cells in the

Table 1. Current studies of combined modality therapy

TME"™".

Radiotherapy and chemotherapy could convert
non—-immunogenic tumors into immunogenic ones
and produce synergetic effects. Therefore, it is rea—
sonable to combine CRT with PD—1/PD-L1 inhibi-
tors in unresectable LA-ESCC.

Current studies of combined mo-
dality therapy

After searching the ClinicalTrials. gov database,
we summarized the trials of unresectable LA-ESCC
with combined PD-1/PD-L1 inhibitors and CRT in
Table 1. The combined modality therapies are mainly
three models: 1. Sequential therapy: patients receiv—
ing PD—1/PD-L1 inhibitors after CRT; 2. Induction
therapy: patients receiving CRT after PD-1/PD-L1
inhibitors; 3. Concurrent therapy: patients receiving
CRT and PD-1/PD-L1 inhibitors concurrently. So
far, most studies are still ongoing and the results yet
to be published. Only two studies (NCT03671265 and
NCT04005170) with concurrent therapy were avail—
able.

Study PD-1/PD-L1 Chemo-
Clinical trial Phase Radiotherapy Sequencing
design inhibitor therapy
UMINOO0034373 Singl Atezoli b CF 60.0Gy/30F
Single—arm tezolizuma .0G i
(TENERGY) g y Sequential
therapy
NCTO04543617 Atezolizumab (+
111 RCT NM NM
(SKYSCRAPER-07) Tiragolumab)
Induction
NCT03817658 II RCT Camrelizumab CF 45.0-50.0Gy/25F
therapy
NCT04054518 I Single—arm  Durvalumab NM NM
NCT03985046
/NCT04212598
Concurrent
/NCT04514835 therapy
NCT03278626 v Single—arm  Nivolumab TP 50.4Gy/28F
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Table 1. (continued)
Study PD-1/PD-L1 Chemo-
Clinical trial Phase Radiotherapy Sequencing
design inhibitor therapy
PTV 50.4Gy/28F;
NCT04084158 I RCT Toripalimah TP
PGTV 61.6Gy/28F
NCT04844385 II Single—arm  Toripalimab TP 60.0Gy/24F
NCT03671265 I Single—arm  Camrelizumab DP 60.0Gy/30F
NCT04426955 111 RCT Camrelizumab TP 50.4Gy/28F
NCT04550260 111 RCT Durvalumab CF 50.0-64.0Gy
CF/
NCT04210115 111 RCT Pembrolizumah 60.0Gy/30F
FOLFOX
(KEYNOTE-975) 50.0Gy/25F
60.0-66.0Gy/30-

NCT04602013 II Single—arm  Sintilimab TP -
NCTO03957590(RA-

111 RCT Tislelizumah TP 50.4Gy/28F
TIONALE 311)
NCTO04005170 II Single—arm  Toripalimab TP 50.4Gy/28F

Abbreviations: CF: fluorouracil and cisplatin/carboplatin; DP: docetaxel and cisplatin/carboplatin; FOLFOX: fluorouracil + oxalipla—

tin + leucovorin or levoleucovorin; NM: not mentioned; TP: paclitaxel and cisplatin/carboplatin.

NCT03671265

Phase Ib, single—arm study NCT03671265 in-
vestigated the safety and feasibility of combining con—
current CRT with camrelizumab as first-line treat—
ment for unresectable LA—ESCC patients™*”. Patients
received concurrent CRT and PD-1 inhibitor
(docetaxel 25mg/m*/w plus cisplatin 25mg/m*/w for 4
weeks; 60 Gy/30 fractions; and camrelizumab 200 mg/
2w for 32 weeks). In the twenty enrolled patients,
grade 3 adverse events (AEs) occurred in nine (45%)
patients, and no grade 4 or 5 AEs were observed. The
most common grade 3 treatment-related adverse
events (TRAEs) were radiation esophagitis (four
(20%) patients), and others included esophageal fis—
tula, pain, and decreased white blood cell count (each
in two (10%) patients). Serious TRAEs occurred in
eight (40.0%) patients, including radiation esophagi—

tis (four (20%) patients), and esophageal fistula, radi—

ation pneumonitis, and pulmonary infection (each in
two (10%) patients). Immune-related adverse events
(IRAEs) occurred in eleven (55%) patients. Of note,
the most common IRAEs were grade 1 reactive capil—
lary endothelial proliferation (RCCEP) (ten (50%) pa—
tients) and grade 1 hypothyroidism (three (15%) pa—
tients). No treatment—related deaths.

Thirteen (65.0%) patients had an objective re—
sponse (ORR) after the radiation of 40 Gy, including
two (10%) complete responses (CR) and eleven (55%)
partial responses (PR). The median time to recur—
rence was 8.25 months (range: 4.68-11.82 months).
Tumor recurrence occurred in six (30%) patients, in—
cluding one (5%) local regional failure, three (15%)
cases of distant metastasis, and two (10%) with con—
current regional failure and distant metastasis. The
progression—free survival (PFS) time ranged from 4.9

to 28.5 months, and overall survival time (OS) varied
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from 8.2 months to 28.5 months (median OS and PFS
not reached). The 1-year and 2—year OS rates were
85.0% and 69.6%, respectively. The 12—-month and
24-month PFS rates were 80.0% and 65.0%, respec—
tively.
NCT04005170
Another  phase  1II,  single—arm  study
NCT04005170  enrolled
stage II-IVA ESCC patients. Patients also received

concurrent CRT and PD-1 inhibitor (paclitaxel 50

untreated, unresectable,

mg/m’/w and cisplatin 25 mg/m*/w for 5 cycles; 50.4
Gy/28 fractions; and toripalimab 240 mg/3w for 12
months or disease progression)". Forty—two patients
(two stage 11, nineteen stage 111, and twenty—one stage
IVA) were enrolled and thirty—nine of them received
completed CRT treatment. Twenty—eight patients
were suitable for efficacy analysis and all patients
were for safety analysis. Twenty patients (47.6%) ex—
perienced grade =3 AEs and one patient (2.4%) suf—
fered grade 5 esophageal fistula. The most common
grade 23 AEs were lymphopenia (45.2%), neutrope—
nia (33.3%), and anemia (28.6%), respectively. The
CR rate was 60.7% (17/28), and the median OS and
PFS were not reached.

Hence, the concurrent addition of PD—-1 inhibi—
tors to definitive CRT as first-line treatment for LA-
ESCC demonstrated acceptable toxicity and promis—
ing anti-tumor efficacy.

NCT03278626 and NCT04084158

We also noticed two stopped trials. The phase 1/
II, single—arm study NCT03278626 enrolled untreat—
ed N1-3 or T3-4 NO ESCC patients ™. It was termi—
nated earlier than anticipated due to slow accrual and
was revealed on March 28, 2022. Seven of the twelve
enrolled patients finished combination therapy. In the
induction phase, patients received two cycles of niv—
olumab (240 mg/2w) alone. After that, patients re—
ceived concurrent CRT (paclitaxel 50 mg/m*/w, car—
boplatin AUC=2/w; 50.4 Gy/28 fractions) and niv—
olumab (240 mg /2w for 6 weeks). Of them, two
(16.7%) patients died, and one patient withdrew be—

cause of toxicity. The other one patient did not com—

plete due to the disease progressed. Six (50.0%) pa—
tients had serious TRAEs, including myocardial in—
farction, ahdominal pain, colitis, dysphagia, esopha—
gitis, fever, lung infection, confusion, aspiration, and
rash—morbilliform (each in one (8.3%) patient). The
AEs happened in more than 50% patients were ane—
mia (91.7%), decreased platelet count (75.0%), de—
creased white blood cell count (75.0%), dysphagia
(66.7%), hypokalemia (58.3%), and nausea (58.3%).

The other suspended study NCT04084158 had a
similar design. It is a randomized, phase II study and
aimed to compare standard concurrent CRT and tri—
modality therapy in LA-ESCC patients'®'. The com—
bination therapy includes the induction phase (tori—
palimab 3mg/kg/2w for two cycles), concurrent CRT
and PD-linhibitor, and maintenance phase (tori—
palimab 3mg/kg/2w for up to one year). Researchers
suspended this study because of the significantly poor
prognosis in the combination arm. No detailed data
was available thus far.

Considering the poor prognosis and toxicities in
the two trials, the design of induction immunotherapy
may not be a good choice for unresectable LA-ESCC
patients. Clinical trials with different designs are on—
going now. Further study results may help to identify

proper combination models.

Predictive factors for beneficial pa-
tients

Various predictive biomarkers are studied to
identify patients who are most likely to benefit from
PD-1/PD-L1 inhibitors in ESCC. We conclude dif-
ferent biomarkers, including PD-L1, TMB, TME bio—
markers, genetic biomarkers, dynamic blood bio—
markers and non—invasive radiomic biomarkers.
PD-L1 status

The correlation between expression of PD-L1
and efficacy of PD—1/PD-L1 inhibitors in ESCC re—
mains unclear. The KEYNOTE-180 trial and KEY-
NOTE-181 trial reported that only PD— L1 positive
(CPS = 10) ESCC patients could benefit from single—
agent pembrolizumab treatment "**'.  ORIENT-2
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study also found only PD-L1 positive patients could
benefit from sintilimab compared with chemothera—
py ‘). However, all patients had a benefit in overall
survival regardless of PD-L1 expression in the trials
of Attraction—-3, ESCORT, and RATIONALE-
302

Furthermore, PD-L1 status may not be a predic—
tive factor when combined with chemotherapy or CRT
in ESCC''™®", The trial NCT03671265 about camreli—
zumab showed that high baseline tumoral PD-1.1 ex—
pression (cutoff value: 7.613%) is not associated with
longer OS in LA-ESCC patients when combined with
CRT (P = 0.055)"".

TMB

TMB is the number of non—synonymous somatic
gene mutations (Mb) of sequenced DNA, and higher
TMB is associated with enhanced anti—tumor immu—
nity.

In the phase Th/II trial, NCT02915432, chemo—
refractory ESSC patients received toripalimab and
performed whole—exome sequencing (WES), messen—
ger RNA sequencing, and immunohistochemistry
(THC) on the samples. Eleven (23.4%) patients with
high TMB (=12 Mutations/Mb) showed no significant
advantage in ORR or 0S'*'. Besides, the biomarker
analyses from ORIENT-02 reported a median TMB
of 6 Mutations/Mb (ranging from 1 to 29 Mutations/
Mb). No association between TMB and survival was
observed in the study™, which warrants more studies
to evaluate the role of TMB and its proper cutoff value
in ESCC patients.

TME

The efficacy of cancer therapies was highly af-
fected by the immune cell frequency in the TME, in—
cluding dendritic cells, macrophages, tumor infiltra—
tion lymphocytes (TILs), and so on. Therefore, their
role in LA—ESCC needs to be investigated.

The trial NCT02742935 found that high base—
line levels of tumor CD11* dendritic cells are related
to the improved OS in ESCC patients with combina—
tion therapy™. The immune cell infiltration analysis

from The Cancer Genome Atlas (TCGA) and the im—

munology database and analysis portal (ImmPort) da—
tabase showed that the high level of B cell infiliration
is correlated with a poor prognosis of ESCC (P <
0.05) . The other six kinds of immune cell infiltra—
tion (CD4-T cell, CD8-T cell, macrophage, neutro—
phil, and dendritic cell) have no statistical correlation
with prognosis.

Genetic biomarkers

Despite the biomarkers mentioned above, many
genetic biomarkers are investigated now. The trial
NCT02915432 about toripalimab evaluated genomic
and transcriptional biomarkers. The copy number
analysis identified that 48% (24 /50) patients have
11q13 amplification, which resulted in elevated
mRNA expression of corresponding genes, including
Cyclin D1 (CCND1) and fibroblast growth factor fami—
ly members (FGF3/4/19)"*). Moreover, patients with—
out 11ql3 amplification have considerably better
ORR (30.8 vs. 4.2%, P = 0.024) and PFS (3.7 vs. 2.0
months; harzard ratio (HR) = 0.47, 95% confidence
interval (CI): 0.24-0.91, P= 0.025). The trial
NCTO03671265 of camrezulimab also revealed that
patients with amplification of CCNDI1, FGF19, or
FGF4, have significantly different OS compared with
those with normal expression"*".

Based on TCGA and ImmPort data sets, re—
searchers identified some immune-related genes
(BMP1, EGFR, S100A12, HLA-B, TNFSF18, IL1B,
MAPT, and OXTR) that were associated with the
clinical prognosis of ESCC. The survival of the pa—
tients with high immune-related genes scores was
significantly lower than that of patients with low
scores (P < 0.001) ',

Dynamic blood biomarkers

In the trial NCT02742935 about camrelizumab,
ESCC patients with an increased baseline lactate de—
hydrogenase (LDH) had lower ORR (P = 0.02) and
shorter PFS (P = 0.002) and OS (P < 0.0001) than pa—
tients with normal LDH™. Meanwhile, the increase
of LDH during the treatment (HR = 0.18), C—reactive
protein (CRP) (HR = 0.27), and absolute monocyte

count (HR = 0.33) were independent prognostic fac—



38  Esophageal Cancer ‘ 16 May 2023

tors. ORIENT-2 study also reported that patients
with neutrophil to lymphocyte ratio (NLR) < 3 at six
weeks post—treatment have a significantly prolonged
median OS (16.6 months) compared with NLR >
3

The trial NCT02742935 also evaluated the lev—
els of immune—-related cytokines in baseline and on-
treatment peripheral blood. Both baseline and on—
treatment IL-27, and high baseline IL-15 were asso—
ciated with better 0S™. While a high baseline Eo—
taxin—3 and a high on—treatment 11.-22 were corre—
lated with worse OS™", the other cytokines were not

related to survival.

Radiomic biomarkers

With the rapid development of artificial intelli-
gence (Al) in medical imaging, radiographic charac—
teristics of tumors referred to as ‘radiomics’ have
been used to predict prognosis in different tumors.
The study enrolled sixty—four advanced, unresectable
ESCC patients treated with sintilimab (200 mg/3w)
plus chemotherapy (docetaxel 60 mg/m*/3w and car—
boplatin AUC=5/3w) at two centers **. A total of 788
features were extracted and radiomics models were
built on corrected/uncorrected 2D and 3D features by
using S5—fold cross—validation. The 2D corrected ra—
diomics model yielded the optimal performance in
this study and could facilitate noninvasive preselec—
tion of ESCC patients who would benefit from the
combination therapy.

Currently, due to the predictive power of a single
biomarker being limited, combined prediction models
with multiple biomarkers would be necessary to pre—

dict the prognosis of cancer patients.

Prospect

Despite the PD-1/PD-L1 inhibitors are widely
evaluated in unresectable LA-ESCC patients now,
the proper combination therapies of CRT and PD-1/
PD-L1 inhibitors to produce satisfactory efficacy and
acceptable toxicity remain to be certified. The current

published results of the clinical trials suggest that

concurrent therapy with CRT and PD-1/PD-L1 in-
hibitors could be a good choice. Further results are
required to recommend the durable and promising
combination sequence for LA-ESCC. Future studies
with more clinical trial evidence may dramatically
change the current treatment for LA-ESCC patients
and aid to identify patients who most likely gain clini—
cal benefits from PD-1/PD-L1 inhibitors. Addition—
ally, future studies including specific predictive bio—
markers for LA-ESCC with trimodality therapy, dy—
namic blood indices, and non—invasive radiomic bio—
markers are all warranted to establish an optimum

combined therapeutic regimen and a more accurate

prediction model for LA-ESCC.
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